In order to execute computer calculations with temperature dependent physical parameters: λ, c p , ρ, a and pulsed heat input q(t), the algebraic expression will be transformed. For this purpose we will use calculations in Mathcad programme [1] . This application is very useful for modelling and simulation of welding thermal process. Finally, the specifications of sub-procedures: Stab_time, last, calculation of roots r i , λ(T), a(T) and q(t) are presented.
INTRODUCTION
The nonlinear form eq. (1) can be solved only by approximate manner, because mathematically it is complicated problem, and a pure non-linear solution of eq. (1) does not exist. Presently, the finite element method (FEM) has the best capability for nonlinear analysis of thermal cycle welding in approximate way. The basis of the FEM is piece-wise polynomial approximation for the temperature field within each element and i-nodals:
, where Ni are functions dependent only of the type of element and its size and shape and Ti(t) are the nodal values of the temperature at time t. Mathematically, Ni in above equation are the trial functions and Ti(t) are undetermined coefficients. This equation is the exact solution when the error in the FEM is zero and fulfill Galerkin's FEM requires: . 
NON-LINEAR ANALYSIS FOR PULSED POWER WELDING
In our solution of non-linear problem we used another methodology and created hybride an analytic-numerical method which lead to similar result as FEM. The basis of this method is a linear interpolation procedure. In calculating procedures there is no "local fitting of the properties λ and a,". The idea of authors in fact was to use the same general solution obtained for the linear equation of heat conduction, but use it repeatedly in respect of temperature change in every point. These solutions are valid only if the properties λ(x,y,z) and a(x,y,z) are constant at any time t and of course these properties are constant but within given impulse affects lasting. In other words, in every time step we solve the equations as linear problem with λ(T), a(T), and generate the results for temporary situation. Then we analyse the local temperatures after impulse generation and change λ(T), a(T), (and many other physical parameters) in respect of actual temperature. Providing that the time step "∆t" is very small, we are allowed to assume that this thermal phenomena is being analysed at non-linear principles. So, there is a specific and logic assumption performed in order to numerically approximate well the pure analytic solution. The details of this method are presented in the further part of this chapter.
In order to execute computer calculations with temperature dependent physical parameters λ, c p , ρ, a the above algebraic expressions were transformed.
Therefore the following assumptions were done:
• heat input is a function of time,
• heat source energy is being input during time ∆t, not impulsively ∆t → 0. HS inputs are being summed up in points in distance ∆x = v ∆t. Considering this t'=(j -1) ∆t (j = 1, 2, 3,…S), • the integrals are changed to an algorithm executing proper summing with physical parameters upon temperature change control, • as λ(T), cp(T), ρ(T), a(T) values in defined increments are known-like shown in Tab. 1, the matrices containing T and corresponding λ(T), cp(T), ρ(T), a(T) values are defined. With use of linear interpolation procedure, the continuous functions λ(T), c p (T), ρ(T), a(T) were created and built-in inside calculation sheet. There are three main mini-procedures responsible for thermal cycle calculating. In the first of them initial values are presented (these values are specific for the given cycle):
• The first main mini-procedure with initial values specific for the given cycle:
"Stab_time" parameter is estimated time needed for stabilisation of thermal field in moving co-ordinates system, "∆t" is duration time of every heat impulse being input. Therefore "S" gives the total number of heat impulses to be generated in order to obtain the summary thermal field as a result (this parameter is being used finally in the third mini-procedure). The estimation of thermal fields from several impulses is running with changeable values of α and λ parameters according to Tab. 1. Parameter "Last" is also used in the second mini-procedure which computes r 1 , r 2 ,r 3 ,...r n values -again with step by step λ(T), a(T) values being modified. The second main mini-procedure is estimated by eq. (13). Values of r 1 , r 2 ,r 3 ,...r n are automatically input into final mini-procedure.
The final mini-procedure summarises thermal fields from several heat energy impulses using a proper formula specific for several HS model in accordingly with equations (3)÷(4).
As it was said previously the base procedure defined by three main mini-procedure requires cooperation with several sub-procedures such as Stab_time, last, calculation of roots r i , λ(T), a(T) and q(t).
Stab_time is compound sub-procedure realising calculation of stabilised time value for optional point in moving coordinates system. Parameters "absolute" and "settled" are preliminary set up values of start and end of partition of time, in which follows search of time stabilisation follows with "stroke" step.
The procedure is built in this way that last value of Stab_time does not depend on value "absolute" and "settled" but correct assumption of these values shorten time needed for account of Stab_time .
• The second main mini-procedure:
From essential point of view the sub-procedure Stab_time defines in time dimension the moment of time after which it estimated its value needed for stabilisation of thermal fields comes after as follows: (14) where:
"absolute", s, -preliminary assumption of upper value of time stabilised, "settled", s,
-preliminary assumption of lower value of time stabilised, "stroke" , s, -a step assumption on way of searching of time of stabilisation, T_MOVE (x, y, z, t), °C, -a temperature field in moving coordinate system. 
(T).
We have high conformity of continuous functions and discrete value of λ(T), a(T) from above-mentioned date on Fig. 4 . The sub-procedure "LAST" performs calculation of value of parameter "last" defining correctness of calculation in analytical meaning but it decides indirectly about amount of r i roots which is taken into consideration in each computational step. It is possible to assure required accuracy of calculation is possible when value of "last" is sufficiently large. Sub-procedure "LAST" can find this value through analysis of moment of numeric convergence of neuralgic mathematical module in most adverse conditions at t = 0 and z = 0 as below:
• sub-procedure "LAST" 
Realisation of sub-procedure "LAST" relies on search of sufficiently large value "i". The procedure catches on that minimal value of "i" which on the other side can't be smaller than 15. On Fig. 5 it is presented course of value "Pulse" and "Total" which are used in sub-procedure "LAST" to analysis of moment of numeric convergence and search of sufficiently large value "i". Furthermore let's notice that computational cycle is started with acceptance of value λ(T=0), a(T=0) but each next time step "∆t" changes the values of λ(T), a(T) in agreement with current value of temperature T. Generation of value "r i " is next computational step and runs in numeric way according to separate "main-procedure r i "-(13) and simultaneously checks accuracy of calculation with used "threshold" parameter. The value of "threshold" parameter is established on very close zero but unzero. For example in Tab. 2 some values are presented of roots r i along with estimates of their accuracy for t = 0 and g = 1.2 cm, threshold = 0.0000001, α 0 =0,02 Wcm -2 K -1 , The final main-procedure "Temperature -T" summarises thermal fields from several heat energy impulses using a proper formula specific for appropriated H-S model. In Mathcad programme the heat source pulses have trapezium waveform and are represented by the following sub-procedure: 
The instantaneous cooling rate w T (°C s -1 ) is plotted in fig. 9 for T(t) as shown in fig. 8 . 
CONCLUSION
In this work some extended consideration about analytic-numerical methods conforming has taken place. The temperature fields generated by three dimensional C-I-N and D-E heat sources with pulsed power welding in both stationary and moving co-ordinates systems are established. This is possible through employment of hybrid analytical-numerical method and new methodology of non-linear calculation described in this paper. There are also established algorithms in moving and stationary systems for thermal cycle calculating with used Mathcad programme.
